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28235 measured reflections 
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549 parameters 
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R,„, = 0.038 
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H-atom parameters constrained 
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Ap mi „ = -0.33 e A -3 
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Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 


D—H 


H-A 


D--A 


D-H-A 


C9B—H9B- ■ Olff 


0.95 


2.51 


3.427 (4) 


162 


C10B-H10B- ■ OlA 


0.95 


2.61 


3.379 (5) 


139 


C12B-H12D-01C" 


0.98 


2.73 


3.497 (6) 


136 


C9/J-H9D-01/J'" 


0.95 


2.46 


3.372 (4) 


161 


CWD-HWD- ■ OIC" 


0.95 


2.46 


3.274 (5) 


144 


C12D-H12J- ■ OlA" 


0.98 


2.69 


3.485 (6) 


138 


Symmetry codes: fi) — x - 


rl,y + l, z; 


(ii) -x+l,y 


- j, z; (iii) 


-x,y-\,z; (iv) 



The title compound, C 13 H 13 NO, crystallizes with four 
independent molecules in the asymmetric unit. The 12- 
membered penta[fo]indole rings are essentially planar, with 
maximum deviations ranging from 0.034 (4) to 0.036 (4) A in 
the four unique molecules. In the crystal, weak C— H- ■ O 
interactions are observed, which link the molecules into chains 
along [010]. 

Related literature 

For the first isolation of bruceolline D, see: Ouyang et al. 
(1994). For a Fischer indole synthesis approach to bruceolline 
D, see: Dashkevich (1978). For the methylation of 2-methyl- 
cyclopentane-l,3-dione, see: Agosta & Smith (1970). For the 
palladium-catalysed synthesis of related fused indole struc- 
tures, see: Nazare et al. (2004). For the isolation of related 
bruceollines, see: Chen et al. (2011). For the total synthesis and 
crystal structure of bruceolline E, see: Jordan et al. (2011, 
2012). For standard bond lengths, see: Allen et al. (1987). 




Experimental 

Crystal data 

C 13 H 13 NO 
M, = 199.24 
Orthorhombic, Pbc2 l 
a = 10.13410 (14} A 
b = 21.9219 (3) A 
c = 19.3747 (3) A 

Data collection 

Agilent Xcalibur (Eos, Gemini) 
diffractometer 



V = 4304.27 (11) A 
Z = 16 

Cu Ka radiation 
fi = 0.62 mm -1 
T = 173 K 

0.32 x 0.18 x 0.06 mm 



Absorption correction: multi-scan 
(CrysAlis PRO and CrysAlis 



Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SUPERFLIP (Palatinus & Chapuis, 2007); 
program(s) used to refine structure: SHELXL2012 (Sheldrick, 2008); 
molecular graphics: OLEX2 (Dolomanov et al, 2009); software used 
to prepare material for publication: OLEX2. 

JML acknowledges support from a Graduate Assistance in 
Areas of National Need (GAANN) fellowship. GWG 
acknowledges support by the Donors of the Petroleum 
Research Fund (PRF), administered by the American 
Chemical Society, and by Wyeth. JPJ acknowledges the NSF 
MRI program (grant No. CHE-1039027) for funds to purchase 
the X-ray diffractometer. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SJ5328). 
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Bruceolline D: 3,3-dimethyl-1H,4H-cyclopenta[6]indol-2(3H)-one 

Justin M. Lopchuk, Gordon W. Gribble and Jerry P. Jasinski 

Comment 

Bruceolline D is a cyclopent[Z>]indole alkaloid which was first isolated from the root wood of Brucea mollis var. 
tonkinensis (Ouyang et al, 1994). Our total synthesis of bruceolline D was achieved by methylation of 2-methylcyclo- 
pentane-l,3-dione (Agosta et al, 1970) followed by a palladium-catalyzed cyclization with 2-chloroaniline in 88% yield 
(Nazare et al, 2004). The reaction of phenylhydrazine with 2-methylcyclopentane-l,3-dione (Fischer indole synthesis) 
under thermal and acidic conditions has been investigated (Dashkevich, 1978). Other structurally similar bruceollines 
have been isolated more recently (Chen et al, 201 1). Bruceolline E has been synthesized by a sequential Nazarov 
cyclization/selenium dioxide oxidation (Jordan et al, 2011) and the crystal structure determined (Jordan et al, 2012). In 
view of the importance of cyclopent[Z>] indole alkaloids, we report here the crystal structure of the title compound, 
C 13 H 13 NO, (I). 

The title compound, (I), crystallizes with four molecules in the asymmetric unit (Fig. 1). In the planar 12-member cyclo- 
penta[fr]indol-2(l//,3//,4#) rings, the maximum deviations from planarity are at C4A, 0.034 (4) A, C3B, 0.034 (4) A, 
C4C, -0.036 (4) A and C4D, -0.035 (4) A) atoms, respectively. Bond lengths are in normal ranges (Allen et al, 1987). In 
the crystal weak intermolecular C — H— O interactions are observed (Table 1) which link the molecules into chains along 
[010] and contribute to crystal packing stability (Fig. 2). 

Experimental 

2-Chloroaniline (255 mg, 2.0 mmol, 1 equiv.), 2,2-dimethylcyclopentane-l, 3-dione (757 mg, 6.0 mmol, 3 equiv.), acetic 
acid (180 mg, 3.0 mmol, 3 equiv.), magnesium sulfate (120 mg, 1.0 mmol, 0.5 equiv.), and dimethylacetamide (6 mL) 
were added to a 25 mL round bottom flask. After bubbling argon through the mixture for 10 minutes, potassium 
phosphate tribasic (552 mg, 2.6 mmol, 1.3 equiv.) and Pd(?-Bu3P)2 (101 mg, 0.2 mmol, 0.1 equiv.) were added and the 
flask sealed with a septum. After bubbling argon through the reaction mixture for an additional 5 minutes, the flask was 
heated for 16 hours at 125°C. After the reaction was complete (monitored by TLC), the mixture was cooled to room 
temperature and filtered to remove insoluble material (Fig. 3). The filtered solids were washed with dimethylacetamide (3 
x 2 mL). Water (40 mL) was added to the filtrate and the aqueous mixture was extracted with ethyl acetate (3 x 50 mL). 
The combined organic layers were dried over sodium sulfate, filtered, and concentrated in vacuo. The residue was 
purified by flash chromatography (20% ethyl acetate in pentane) to yield the desired product (I) as a pale yellow solid 
(350 mg, 88%). Single crystals suitable for diffraction were grown from dichloromethane layered with pentane 
(liquid/liquid diffusion) at ambient temperature [m.p. 434^136 K (dec); literature value 433^435 K (dec) (Ouyang et al, 
(1994)]. 
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Refinement 

All of the H atoms were placed in their calculated positions and refined using a riding model with Atom — H lengths of 
0.95A (CH), 0.99A (CH 2 ), 0.98A (CH 3 ) or 0.88A (NH). Isotropic displacement parameters for these atoms were set to 1.2 
(CH, CH 2 NH) or 1.5 (CH 3 ) times U m of the parent atom. All methyl substituents were refined as rotating groups. The 
maximum and minimum residual electron density peaks of 0.69 and -0.33 eA~ 3 were located 1 .3 8 A, and 1 .3 1 A from the 
HI 2D, and CUD atoms, respectively. 

Computing details 

Data collection: CrysAlis PRO (Agilent, 2012); cell refinement: CrysAlis PRO (Agilent, 2012); data reduction: CrysAlis 
PRO (Agilent, 2012); program(s) used to solve structure: SUPERFLIP (Palatinus & Chapuis, 2007); program(s) used to 
refine structure: SHELXL2012 (Sheldrick, 2008); molecular graphics: OLEX2 (Dolomanov et al., 2009); software used to 
prepare material for publication: OLEX2 (Dolomanov et at, 2009). 




Figure 1 

Molecular structure of the title compound showing the atom labeling scheme and 30% probability displacement 
ellipsoids. 
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Figure 2 

Packing diagram of the title compound viewed along the c axis. Dashed lines indicate weak C — H - 0 intermolecular 
interactions forming 1-D chains along (010). H atoms not involved in these intermolecular interactions have been omitted 
for clarity. 




Pd(f-Bu 3 P) 2 , AcOH 
K3PO4, MgS0 4 , DMA 
125 °C, 16 hr 




Figure 3 

Synthesis of (I). 



3,3-dimethyl-1H,4H-cyclopenta[6]indol-2(3H)-one 



Crystal data 

C I3 H 13 NO 
M r = 199.24 
Orthorhombic, Pbcli 
a= 10.13410 (14) A 
Z> = 21.9219 (3) A 
c= 19.3747 (3) A 
V= 4304.27 (11) A 3 
Z= 16 

F(000) = 1696 
Data collection 

Agilent Xcalibur (Eos, Gemini) 

diffractometer 
Radiation source: Enhance (Cu) X-ray Source 



D x = 1.230 MgnT 3 

Cu Ka radiation, A = 1.5418 A 

Cell parameters from 11183 reflections 

(9 = 3.0-72.4° 

ft = 0.62 mirT 1 

T= 173 K 

Prism, colourless 

0.32 x 0.18 x 0.06 mm 



Graphite monochromator 

Detector resolution: 16.0416 pixels mm" 1 

co scans 
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Absorption correction: multi-scan 
{CrysAlis PRO and CrysAlis RED; Agilent, 
2012) 

7^ = 0.876,7^=1.000 
28235 measured reflections 
7612 independent reflections 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RIF 2 > laiF 2 )] = 0.068 

wR{F 1 ) = 0.174 

S = 1.04 

7612 reflections 

549 parameters 

1 restraint 



7097 reflections with I > 2o(I) 
R mt = 0.038 

0^ = 72.6°, 0^ = 4.0° 
h = -12— >12 
k= -26^19 
/= -20^23 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 2 ) + (0.1346P) 2 + 0.5786P] 

where P = (F 2 + 2F 2 )/3 
(A/ < r) max < 0.001 
Ap max = 0.69eA- 3 
Ap min = -0.33 e A" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


11- */U 


OlA 


0.9027 (4) 


0.55207 (13) 


0.52430(17) 


0.0587 (9) 


N1A 


0.9928 (3) 


0.72326 (13) 


0.67458 (17) 


0.0311 (7) 


H1A 


1.0014 


0.7162 


0.7191 


0.037* 


CIA 


0.9695 (3) 


0.68058 (15) 


0.62468 (19) 


0.0301 (7) 


C2A 


0.9463 (4) 


0.61292 (16) 


0.6263 (2) 


0.0353 (8) 


C3A 


0.9229 (4) 


0.60183 (16) 


0.5480 (2) 


0.0384 (8) 


C4A 


0.9289 (4) 


0.66154 (16) 


0.50654 (19) 


0.0353 (8) 


H4AA 


0.9983 


0.6600 


0.4707 


0.042* 


H4AB 


0.8430 


0.6709 


0.4846 


0.042* 


C5A 


0.9618 (3) 


0.70689 (15) 


0.56179 (18) 


0.0279 (6) 


C6A 


0.9823 (3) 


0.77087 (15) 


0.57072 (19) 


0.0268 (7) 


C7A 


0.9849 (3) 


0.82163 (16) 


0.5269 (2) 


0.0301 (7) 


H7A 


0.9746 


0.8169 


0.4785 


0.036* 


C8A 


1.0027 (3) 


0.87872 (16) 


0.5556 (2) 


0.0347 (8) 


H8A 


1.0037 


0.9135 


0.5264 


0.042* 


C9A 


1.0194 (4) 


0.88624 (17) 


0.6267 (2) 


0.0382 (9) 


H9A 


1.0310 


0.9262 


0.6447 


0.046* 


C10A 


1.0195 (4) 


0.83725 (16) 


0.6713 (2) 


0.0339 (8) 


H10A 


1.0321 


0.8427 


0.7195 


0.041* 


C11A 


1.0003 (3) 


0.77912 (15) 


0.64301 (19) 


0.0271 (7) 


C12A 


1.0664 (4) 


0.57622 (19) 


0.6513 (3) 


0.0545 (11) 


H12A 


1.1450 


0.5890 


0.6255 


0.082* 


H12B 


1.0507 


0.5326 


0.6436 


0.082* 


H12C 


1.0802 


0.5837 


0.7006 


0.082* 


C13A 


0.8226 (4) 


0.59501 (19) 


0.6668 (2) 


0.0455 (9) 


H13A 


0.8369 


0.6027 


0.7160 


0.068* 
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T r iin 

Hut) 


A OA/I 1 

U.SU41 


U.5516 


A /CCA/: 

0.6596 


a A/c:o* 
0.068* 


Hi 3C 


A H A "7 A 
0. /4 /4 


A /C 1 AO 

U.6193 


A /CCA/: 

U.65U6 


A A/^Q* 

0.068* 
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U.415 / (3) 
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C13D 0.041 (2) 


0.0347 (18) 


0.064 (3) 


-0.0014(15) 


0.0044 (18) 0.0107 (18) 


Geometric parameters (A, ") 


01 A — C3A 


1.201 (4) 




OIC— C3C 


1.206 (4) 


N1A — H1A 


0.8800 




NIC— H1C 


0.8800 


N1A— CIA 


1.366 (4) 




NIC— C1C 


1.373 (4) 


N1A— C11A 


1.371 (4) 




NIC— cue 


1.390 (5) 


CIA— C2A 


1.502 (5) 




C1C— C2C 


1.494 (5) 


CIA— C5A 


1.350 (5) 




C1C— C5C 


1.362 (5) 


C2A— C3A 


1.554 (5) 




C2C— C3C 


1.554 (5) 


C2A— C12A 


1.537 (6) 




C2C— C12C 


1.537 (6) 


C2A— C13A 


1.531 (5) 




C2C— C13C 


1.533 (5) 


C3A— C4A 


1.537 (5) 




C3C— C4C 


1.534 (5) 


C4A— H4AA 


0.9900 




C4C— H4CA 


0.9900 


C4A— H4AB 


0.9900 




C4C— H4CB 


0.9900 


C4A— C5A 


1.498 (4) 




C4C— C5C 


1.497 (5) 


C5A— C6A 


1.429 (4) 




C5C— C6C 


1.428 (4) 


C6A— C7A 


1.400 (5) 




C6C— C7C 


1.403 (5) 


C6A— C11A 


1.424 (5) 




C6C— cue 


1.420 (5) 


C7A— H7A 


0.9500 




C7C— H7C 


0.9500 


C7A— C8A 


1.381 (5) 




C7C— C8C 


1.386 (5) 


C8A— H8A 


0.9500 




C8C— H8C 


0.9500 


C8A— C9A 


1.398 (7) 




C8C— C9C 


1.395 (6) 


C9A— H9A 


0.9500 




C9C— H9C 


0.9500 


C9A— CI OA 


1.378 (6) 




C9C— C10C 


1.381 (6) 


CI OA— HI OA 


0.9500 




C10C— H10C 


0.9500 


C10A— C11A 


1.401 (5) 




cioc— cue 


1.383 (5) 


C12A— H12A 


0.9800 




C12C— H12G 


0.9800 


C12A— H12B 


0.9800 




C12C— H12H 


0.9800 


C12A— H12C 


0.9800 




C12C— HI 21 


0.9800 


C13A— H13A 


0.9800 




C13C— H13G 


0.9800 


C13A— H13B 


0.9800 




C13C— H13H 


0.9800 


C13A— H13C 


0.9800 




C13C— H13I 


0.9800 


OIB— C3B 


1.204 (4) 




01D— C3D 


1.205 (4) 


NIB— H1B 


0.8800 




N1D— HID 


0.8800 


NIB— CIB 


1.370 (4) 




N1D— C1D 


1.375 (4) 


NIB— CUB 


1.379 (4) 




N1D— CUD 


1.378 (4) 


CIB— C2B 


1.494 (4) 




C1D— C2D 


1.486 (4) 


CIB— C5B 


1.349 (4) 




C1D— C5D 


1.359 (5) 


C2B— C3B 


1.561 (4) 




C2D— C3D 


1.558 (4) 


C2B— C12B 


1.536(5) 




C2D — CI 2D 


1.529 (5) 


C2B— C13B 


1.534 (5) 




C2D — CI 3D 


1.521 (6) 


C3B— C4B 


1.523 (4) 




C3D— C4D 


1.522 (5) 


C4B— H4BA 


0.9900 




C4D— H4DA 


0.9900 


C4B— H4BB 


0.9900 




C4D— H4DB 


0.9900 


C4B— C5B 


1.500 (4) 




C4D— C5D 


1.495 (4) 


C5B— C6B 


1.437(4) 




C5D— C6D 


1.431 (5) 


C6B— C7B 


1.405 (5) 




C6D— C7D 


1.409 (5) 
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CoB — LI IB 


1.4zz (5) 


CoD — CUD 


1.417 (5) 


C7B — H7B 


0.9500 


C7D — H7D 


A ACAA 

0.9500 


C7B — C8B 


1.397 (5) 


C7D — C8D 


1.391 (5) 


CoB — HoB 


0.9500 


rion TTor\ 

CoD — H8D 


A ACAA 

0.9500 


C8B — C9B 


1.391 (5) 


C8D — C9D 


1 OA1 

1.393 (6) 


C9B — H9B 


0.9500 


C9D — H9D 


0.9500 


C9B — CI OB 


1.370 (5) 


C9D — C10D 


1.372 (5) 


/" < i /\ r> T T 1 ATI 

CI OB — HI OB 


0.9500 


1 AT\ T T 1 AF» 

C10D — H10D 


0.9500 


p i /. ri pi i rj 

C10B — CI IB 


1 "> CxO ( A\ 

1.398 (4) 


f i r\r\ P 1 1 r~\ 

C10D — CUD 


1 TAA /f \ 

1.390 (5) 


C12B— H12D 


0.9800 


CI 2D— H12J 


0.9800 


C12B— H12E 


0.9800 


C12D— H12K 


0.9800 


f ' 1 r-> Til 

C12B — H12F 


A AO AA 

0.9800 


/" t 1 -1 1"-\ TTI 

C12D — H12L 


A AOAA 

0.9800 


C13B — H13D 


A AQAA 

0.9o00 


pi T T 1 1 T 

C13U — H13J 


A AOAA 

O.voOU 


C13B — H13E 


A AOAA 

0.9800 


C13D — H13K 


A AOAA 

0.9800 


f ' 1 "> i~"> tti or 

C13B — H13F 


A AOAA 

0.9800 


/"> l OT~\ TTI -)T 

C13D — H13L 


A AOAA 

0.9800 


/"MA XT1 A T T 1 A 

CIA — JN 1 A — HI A 


1/6.1 


pip XT i r T 1 P 

CIC — NIC — H1C 


126.2 


p 1 A TVT1A PI 1 A 

CIA — N1A — C11A 


107.8 (3) 


P1P Ml P P11P 

cic — Nic — cue 


1 AT T /"> \ 

107.7 (3) 


f> 11A \T1 A TT1A 

C11A — N1A — H1A 


126.1 


Z" 1 1 1 P X T 1 f A T T 1 Z" 1 

C11C — NIC — H1C 


126.2 


XT1 A /"• 1 A /'<-"> a 

JN 1 A — C 1 A — Cz A 


133.5 (3) 


N 1 C — C 1 C — C2C 


133.3 (3) 


pr a z~< 1 A \T1 A 

C5A — CIA — JN 1A 


11U.9 (3) 


C J C — C 1 C — JN 1 C 


1 1 A A /")\ 

110.9 (3J 


C5A — CIA — C2A 


115.5 (3) 


C5C — CIC — C2C 


115.8 (3) 


CIA — C2A — C3A 


99.1 (3) 


CIC — C2C — C3C 


AA A /T\ 

99.0 (3) 


C 1 A — C2 A — C 1 z A 


113.6 (3) 


C 1 C — Cz C — C 1 zC 


113.5 (3) 


/" • 1 A /""^ A Z~< 1 O A 

C 1 A — Cz A — C 1 J A 


i n 1 /"*\ 

113.1 (3) 


C 1 C — Cz C — C 1 3 C 


1 1 i o /"> \ 

113.8 (3) 


f • 1 A /" < -"\ a Z" * o a 

C12A — C2A — C3A 


110.3 (4) 


C12C — C2C — C3C 


1 AA Z' \ 

109.6 (3) 


C13A — C2A — C3A 


109.6 (3) 


C13C — C2C — C3C 


110.0 (3) 


f ' 1 O A /~1 a /" • 1 A 

C 1 3 A — C2 A — C 1 2A 


1 1 A T /O \ 

110.7 (3) 


C13C — C2C — C12C 


110.4 (3) 


P* 1 A PO A PI A 

(J1A — C3A — C2A 


122.7 (4) 


QIC — C3C — CzC 


122.7 (4) 


0 1 A — C 3 A — C4 A 


125.5 (4) 


0 1 C — C3 C — C4C 


1 1 C ^ / zl \ 

125.2 (4) 


C4A — C3A — C2A 


111.7(3) 


C4C — C3 C — C2C 


1 1 A f\ /-) \ 

112.0 (3) 


/""> A A A TTd A A 

C 3 A — C4 A — H4 A A 


111. 5 


C3C — C4C — H4CA 


111 A 

111.4 


t~**l A /~M A U/l AD 

C 3 A — C4 A — H4 AB 


111 c 

111.5 


pop p /] p TJ/IPD 

C3 C — C4C — H4CB 


111 A 

1 1 1.4 


T T A A A Z"< /I A T T /I A T) 

H4AA — C4A — H4AB 


109.3 


T T A C ^ A /" < /i p T T /I PTI 

H4CA — C4C — H4CB 


109.3 


f\ r a A A /" ■<•") a 

C5A — C4A — C3A 


101.6 (3) 


f ' c z' ' a p*)p 

C5C — C4C — C3C 


101.6 (3) 


PC A P ,1 A ITyl A A 

C 5 A — C4 A — H4 A A 


111 C 

111.5 


C5C — C4C — H4CA 


111 A 

111.4 


PC A Pit A TT/1AT5 

C 5 A — C4 A — H4 AB 


111 c 

111.5 


p^p TT/IP 1 !) 

C5C — C4C — H4CB 


111 A 

111.4 


CIA — C5A — C4A 


112.0 (3) 


CIC — C5C — C4C 


111.5 (3) 


CIA — C5A — C6A 


1 AT /O \ 

107.6 (3) 


CIC — C5C — C6C 


1 f\~7 1 \ 

107.1 (3) 


£. A PC A P /I A 

C6A — C5A — C4A 


140.4 (3) 


C6C — C5C — C4C 


1 A 1 -1 /">\ 

141.4 (3) 


P"7 A P*^ A PC A 

C7A — C6A — C5A 


135.2 (3) 


C7C — C6C — C5C 


1 T C A /") \ 

135.0 (3) 


f ' -7 a /""I /" a Z" " 1 1 A 

C7A — C6A — C11A 


119.6 (3) 


C7C — C6C — C 11C 


118.5 (3) 


nii a p/: a p c a 

C11A — C6A — C5A 


1 AC O \ 

105.2 (3) 


P11P p /- p pep 

C11C — C6C — C5C 


1 AzT A /") \ 

106.4 (3) 


C6A— C7A— H7A 


120.7 


C6C— C7C— H7C 


120.3 


C8A— C7A— C6A 


118.6(4) 


C8C— C7C— C6C 


119.3 (4) 


C8A— C7A— H7A 


120.7 


C8C— C7C— H7C 


120.3 


C7A — C8A — H8A 


119.4 


C7C— C8C— H8C 


120.0 


C7A— C8A— C9A 


121.3 (4) 


C7C— C8C— C9C 


120.1 (4) 


C9A— C8A— H8A 


119.4 


C9C— C8C— H8C 


120.0 
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/"I o A /~1lX A TTA A 

C8A — C9A — H9A 


119.1 


P 1 A 4 A p o A 

CI OA — C9A — C8A 


121.7 (3) 


CI OA — C9A — H9A 


119.1 


P("\ \ p 1 (\ A TT1 A A 

C 9 A — C 1 OA — H 1 OA 


121.2 


r ' f\ a /—I 1 /"\ A PI 1 1 A 

C9A — C l OA — C 1 1 A 


117.6 (4) 


CllA — CI OA — HI OA 


121.2 


X T 1 A /—i 1 1 A /" < /■ a 

N1A — CllA — C6A 


108.6 (3) 


N1A — CllA — C10A 


130.2 (3) 


p -i f\ a p 1 1 A /" 1 S' a 

C10A — CllA — C6A 


111 1 /T \ 

121.2 (3) 


C2 A — C 1 2 A — H 1 2 A 


109.5 


C2 A — C 1 2 A — H 1 2B 


109.5 


C2 A — C 1 2 A — H 1 2C 


109.5 


T T 1 1 A /" < 1 1 A iti r\ TX 

H12A — C12A — H12B 


109.5 


tti A » /"I 1 ^ A TT1 A P 

H12A — C12A — H12C 


109.5 


TT1 ^ TX f ~\ 1 -X A IT1 ^ /"I 

H 1 2B — C 1 2A — H 1 2C 


109.5 


C2A — C13A — HI 3 A 


109.5 


P /-» A /" " \ -) A TT1 1 T"> 

C2A — C13A — H13B 


109.5 


p /-\ i p 1 -1 A TT1 1 P 

C2A — C13A — H13C 


109.5 


TTI ^ A | t T T 1 X TX 

H13A — C13A — H13B 


109.5 


tti t » p 1 1 A T T 1 1 

HI 3 A — C13A — H13C 


109.5 


tti on rii'i a tti Tr< 

H13B — C13A — H13C 


109.5 


p 1 r> XT 1 T~"> T T 1 TX 

CIB — NIB — H1B 


126.2 


r ' 1 J~-\ -v T 1 TX P< 1 1 TX 

CIB — NIB — CUB 


107.7 (3) 


p 1 1 TX XT 1 TX T T 1 TX 

CUB — NIB — H1B 


126.2 


N 1 B — C 1 B — C2B 


133.3 (3) 


r — TX /"l 1 t~* X T 1 TX 

C5B — CIB — NIB 


111.2 (3) 


C5B — CIB — C2B 


115.5 (3) 


pin P X F"l /^e)n 

C 1 B — C2B — C3B 


r\r\ r\ 

99.0 (2) 


C 1 B — C2B — C 1 2B 


ill 1 /1\ 

113.2 (3) 


f- 1 TX /~ ^ X TX f 1 •"> TX 

C l B — C2B — C 1 3 B 


113.8 (3) 


C12B — C2B — C3B 


110.4 (3) 


C13B — C2B — C3B 


109.4 (3) 


p 1 in /-(ATi pnn 

C 1 3B — C2B — C 1 2B 


110.4 (3) 


OIB — C3B — C2B 


123.1 (3) 


f\ i r-> /" ■> -> t~\ p /( r-> 

0 1 B — C3B — C4B 


125.2 (3) 


C4B — C3B — C2B 


111.7 (3) 


r •■> TX /-" ^ T~» T T A TX A 

C3B — C4B — H4BA 


111.5 


r •■> TX A s /I TX T T A T*^ 

C3B — C4B — H4BB 


111.5 


H4BA — C4B — H4BB 


109.3 


C5B — C4B — C3B 


101.6 (3) 


C5B — C4B — H4BA 


111.5 


r ' c T~i /"i j t~* it < T~* T~» 

C5B — C4B — H4BB 


111.5 


C 1 B — C 5 B — C4B 


1 1 1 A 

112.0 (3) 


CIB— C5B— C6B 


107.2 (3) 


C6B— C5B— C4B 


140.8 (3) 


C7B— C6B— C5B 


135.7(3) 


C7B— C6B— CUB 


118.7(3) 


CUB— C6B— C5B 


105.6(3) 


C6B— C7B— H7B 


120.7 



C8C — C9C — H9C 


118.7 


C 1 0C — C9C — C8C 


122.6 (3) 


C10C — C9C — H9C 


1 1 O T 

118.7 


(\f ^ /"> 1 t\(- ' TTI AO 

C9C — C 1 0C — H 1 0C 


111 C 

121.5 


C9C — C 1 0C — C 11C 


117.0 (4) 


/—I 1 1 /"I /"< 1 /\ TTI A /"I 

cue — cioc — hioc 


121.5 


NIC — CllC — C6C 


107.9 (3) 


CIOC — CllC — NIC 


1 ^ A S / A\ 

129. 6 (4) 


C10C — CllC — C6C 


111 C /I \ 

122.5 (3) 


C2C — C12C — H12G 


109.5 


/— 1 -\ /—i /- i •« ^* /- < T T 1 ITT 

C2C — C 1 2C — H 1 2H 


109.5 


C2C — C 1 2C — H 121 


109.5 


T T 1 1 /" ' /■ < 1 /'■' T T 1 ITT 

H12G — C12C — H12H 


109.5 


T T 1 1 i~ ' /- ■> -1 '-i /--< T T 1 1 T 

H12G — C12C — H12I 


109.5 


T T 1 ITT /"* 1 1 /—< T T 1 1 T 

H12H — C12C — H12I 


109.5 


C2C — C 1 3 C — H 1 3 G 


109.5 


/—' /-» /—• f~\ i i-) f ' T T 1 ITT 

C2C — C 1 3 C — H 1 3 H 


109.5 


/- • l~\ s • f i t f < TTI IT 

C2C — C 1 3 C — H 131 


109.5 


TT1 1 X" -t ~\ r~\ T T "I ^ T T 

H13G — C13C — H13H 


109.5 


TTI O f • f~\ I i-t f • TTI TT 

H13G — C13C — H131 


109.5 


TTI ITT f ' 1 ^) f ' TTI 

H13H — C13C — H131 


1 f\C\ c 

109.5 


z' ' \ ta XT 1 TX T T 1 T^\ 

C1D — N1D — HID 


11/^ 1 

126.1 


/"< 1 r\ X T 1 F"\ /~1 1 1 TX 

CID — NID — CUD 


107.9 (3) 


z' ' i i 7~-\ XT 1 TX T T 1 TX 

CUD — NID — HID 


126.1 


XT1TX C ' 1 T~"\ /-iAr\ 

N 1 D — C 1 D — C2D 


111 H /1\ 

133.7(3) 


C5D — CID — NID 


110.4 (3) 


C5D — CID — C2D 


115.8 (3) 


C 1 D — C2D — C3D 


r\o r\ /i\ 

98.9 (2) 


C 1 D — C2D — C 1 2D 


1111 /1\ 

113.3 (3) 


C 1 D — C2D — C 1 3D 


113.4 (3) 


C12D — C2D — C3D 


110.5 (3) 


s • 1 '-l TX PI TX " 1 TX 

C 1 3D — C2D — C3D 


1 r\r\ r\ /i \ 

109.0 (3) 


C 1 3 D — C2D — C 1 2D 


111 1 /I \ 

111.2 (3) 


Z""x 1 TX /"I A TX /" 1 A TX 

01D — C3D — C2D 


122.8 (3) 


s\ i TX P x TX P A TX 

0 1 D — C 3 D — C4D 


1 1 C 1 /I \ 

125.2 (3) 


P /I TX P1TX P1TX 

C4D — C3D — C2D 


111 r\ /i \ 

112.0 (3) 


r ' i-\ TX P< H TX TTA TX A 

C3D — C4D — H4DA 


111.4 


p ^> TX P /I TX TTA TXTX 

C3D — C4D — H4DB 


111.4 


TTA TX A p ^ TX T T A TXTX 

H4DA — C4D — H4DB 


109.3 


C5D — C4D — C3D 


1 f\ 1 T /I \ 

101.7 (3) 


p r - TX p H TX T T A TX A 

C5D — C4D — H4DA 


111.4 


P< riX P< H TX TTA TXTX 

C5D — C4D — H4DB 


111.4 


p i tx /-(f r\ p /i r-\ 

CID — C5D — C4D 


111 A /I \ 

111.4 (3) 


CID— C5D— C6D 


107.4 (3) 


C6D— C5D— C4D 


141.2 (3) 


C7D— C6D— C5D 


135.1 (3) 


C7D— C6D— CUD 


119.1 (3) 


CUD— C6D— C5D 


105.9(3) 


C6D— C7D— H7D 


121.0 
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C8B— C7B— C6B 118.6(3) 

C8B— C7B— H7B 120.7 

C7B— C8B— H8B 119.5 

C9B — C8B — C7B 120.9 (3) 

C9B— C8B— H8B 119.5 

C8B — C9B — H9B 118.9 

CI OB — C9B — C8B 122.3 (3) 

C 1 OB — C9B — H9B 118.9 

C9B — CI OB — HI OB 121.3 

C9B— C10B— CUB 117.4(3) 

CUB— C10B— H10B 121.3 

NIB— CUB— C6B 108.3(3) 

NIB— CUB— C10B 129.5(3) 

C10B— CUB— C6B 122.1 (3) 

C2B— C12B— H12D 109.5 

C2B— C12B— H12E 109.5 

C2B— C12B— H12F 109.5 

H12D— C12B— H12E 109.5 

H12D— C12B— H12F 109.5 

H12E— C12B— H12F 109.5 

C2B— C13B— H13D 109.5 

C2B— C13B— H13E 109.5 

C2B— C13B— H13F 109.5 

HDD— C13B— H13E 109.5 

H13D— C13B— H13F 109.5 

H13E— C13B— H13F 109.5 

01 A — C3A — C4A — C5A -177.7 (4) 

N1A— CIA— C2A— C3A 177.7 (4) 

N1A— CIA— C2A— C12A -65.4(5) 

N1A— CIA— C2A— C13A 61.8(5) 

N1A— CIA— C5A— C4A -176.8 (3) 

N1A— CIA— C5A— C6A 0.4(4) 

CIA— N1A— C11A— C6A -0.6(4) 

CIA— N1A— C11A— C10A 178.3 (3) 

CIA— C2A— C3A— 01A 178.3 (4) 

CIA— C2A— C3A— C4A "1-8(4) 

CIA— C5A— C6A— C7A -179.2 (4) 

CIA— C5A— C6A— C11A -0.8(3) 

C2A— CIA— C5A— C4A 1.0(4) 

C2A— CIA— C5A— C6A 178.3 (3) 

C2A— C3A— C4A— C5A 2.3 (4) 

C3A— C4A— C5A— CIA -2.0 (4) 

C3A— C4A— C5A— C6A -177.9 (4) 

C4A— C5A— C6A— C7A -3.1 (7) 

C4A— C5 A— C6A— C 1 1 A 175.2 (4) 

C5A— CIA— C2A— C3A 0.5 (4) 

C5A— CIA— C2A— C12A 117.4(4) 

C5A— CIA— C2A— C13A -115.4(4) 



C8D— C7D— C6D 118.1(3) 

C8D— C7D— H7D 121.0 

C7D— C8D— H8D 119.2 

C7D— C8D— C9D 121.6(3) 

C9D— C8D— H8D 119.2 

C8D— C9D— H9D 119.4 

C10D— C9D— C8D 121.2(3) 

C10D— C9D— H9D 119.4 

C9D— C10D— H10D 120.9 

C9D— C10D— CUD 118.2(3) 

CUD— C10D— H10D 120.9 

N1D— CUD— C6D 108.4(3) 

N1D— CUD— C10D 129.8(3) 

C10D— CUD— C6D 121.8(3) 

C2D — CI 2D — HI 2 J 109.5 

C2D— C12D— H12K 109.5 

C2D— C12D— H12L 109.5 

H12J— C12D— H12K 109.5 

H12J— C12D— H12L 109.5 

H12K— C12D— H12L 109.5 

C2D — C 1 3D — H 1 3 J 109.5 

C2D — C 1 3D — H 1 3K 109.5 

C2D — C 1 3D — H 1 3L 109.5 

H13J— C13D— H13K 109.5 

H13J— C13D— HDL 109.5 

HDK— C13D— HDL 109.5 

01C— C3C— C4C— C5C 176.0(4) 

NIC— C1C— C2C— C3C -179.4 (4) 

NIC— C1C— C2C— CDC 64.6 (5) 

NIC— C1C— C2C— CDC -62.7 (5) 

NIC— C1C— C5C— C4C 178.2 (3) 

NIC— C1C— C5C— C6C -0.8(4) 

C1C— NIC— C11C— C6C 0.0(4) 

C1C— NIC— C11C— C10C -178.5(3) 

C1C— C2C— C3C— 01C -176.9 (4) 

C1C— C2C— C3C— C4C 1.1(4) 

C1C— C5C— C6C— C7C 179.9 (4) 

C1C— C5C— C6C— C11C 0.7(3) 

C2C— C1C— C5C— C4C -1.5 (4) 

C2C— C1C— C5C— C6C 179.5 (3) 

C2C— C3C— C4C— C5C -1.9(4) 

C3C— C4C— C5C— C1C 2.1 (4) 

C3C— C4C— C5C— C6C -179.5 (4) 

C4C— C5C— C6C— C7C 1.4(7) 

C4C— C5C— C6C— C11C -177.7(4) 

C5C— C1C— C2C— C3C 0.2 (4) 

C5C— C1C— C2C— CDC -115.8(4) 

C5C— C1C— C2C— CDC 116.9(4) 
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C5A — C6A — C7A — C8A 
C5A— C6A— C 1 1 A— Nl A 
C5 A— C6A— C 1 1 A— C 1 OA 
C6A— C7A— C8A— C9A 
C7A— C6A— CI 1A— Nl A 
C7A— C6A— C 1 1 A— C 1 OA 
C7A— C8A— C9A— C 1 OA 
C8A— C9A— C 1 OA— C 1 1 A 
C 9 A— C 1 0 A— C 1 1 A— N 1 A 
C9A— C 1 OA— C 1 1 A— C6A 
CI 1 A— Nl A— C 1 A— C2A 
C 1 1 A— N 1 A— C 1 A— C 5 A 
C 1 1 A— C6A— C7A— C8A 
C 1 2 A— C2 A— C3 A— 0 1 A 
C 1 2 A— C2 A— C3 A— C4A 
C 1 3 A— C2 A— C3 A— 0 1 A 
C 1 3 A— C2 A— C3 A— C4A 
01B— C3B— C4B— C5B 
NIB— C1B— C2B— C3B 
N 1 B— C 1 B— C2B— C 1 2B 
NIB— C1B— C2B— C13B 
NIB— C1B— C5B— C4B 
NIB— C1B— C5B— C6B 
C 1 B— N 1 B— C 1 1 B— C6B 
C1B— NIB— CUB— C10B 
C1B— C2B— C3B— OIB 
C 1 B— C2B— C3B— C4B 
C 1 B— C5B— C6B— C7B 
C 1 B— C5B— C6B— C 1 1 B 
C2B— C 1 B— C5B— C4B 
C2B— C1B— C5B— C6B 
C2B— C3B— C4B— C5B 
C3B— C4B— C5B— C1B 
C3B— C4B— C5B— C6B 
C4B— C5B— C6B— C7B 
C4B— C5B— C6B— CUB 
C5B— C1B— C2B— C3B 
C5 B— C 1 B— C2B— C 1 2B 
C5B— C 1 B— C2B— C 1 3B 
C5B— C6B— C7B— C8B 
C5B— C6B— CUB— NIB 
C5B— C6B— C 1 1 B— C 1 OB 
C6B— C7B— C8B— C9B 
C7B— C6B— C 1 1 B— N 1 B 
C7B— C6B— C 1 1 B— C 1 OB 
C7B— C8B— C9B— C 1 OB 
C8B— C9B— C 1 OB— C 1 1 B 
C9B— C 1 OB— C 1 1 B— N 1 B 
C9B— C 1 OB— C 1 1 B— C6B 



177.2 (3) 


C5C— 


-C6C — C7C — C8C 


1 nc\ 1 si\ 

-179.1 (3) 


0.8 (3) 


C5C— 


-C6C — C 1 1 C — N 1 C 


A A ("> \ 

-0.4 (3) 


1 no **> 

-178.2 (3) 


C5C— 


-C6C — C 1 1 C — C 1 0C 


1 no 1 \ 

178.1 (3) 


a n sc\ 

0.7 (5) 


C6C— 


-C7C — C8C — C9C 


a n sc\ 

0.1 (5) 


1 nc\ c si \ 

179.5 (3) 


C7C— 


-L6L — C 1 1 C — N 1 C 


1 nc\ 0 f">\ 

-179.8 (3) 


0.5 (5) 


/" < "7 /~1 

C7C— 


-C6C — C 1 1 C — C 10C 


-1.2 (5) 


0.3 (5) 


C7C— 


-C8C — C9C — C 1 0C 


-0.2 (6) 


A A /r\ 

-0.9 (5) 


C8C— 


-C9C — C 1 0C — C 11C 


A A i Z\ 

-0.9 (5) 


1 no i 
— 1 /8.3 (3) 


C9C- 


-cioc— cue— Nic 


1 nc\ 0 \ 
1 /9.0 (3) 


0.5 (5) 


C9C- 


-cioc— cue— C6C 


1.6 (5) 


1 nn f a \ 

-177.2 (4) 


C11C- 


-NIC— C1C— C2C 


1 nc\ 0 /"?\ 

-179.8 (3) 


A 1 / A\ 

0.1 (4) 


C11C- 


-NIC— C1C— C5C 


f\ C / A\ 

0.5 (4) 


1 1 /C\ 

-1.1 (5) 


C11C- 


-C6C— C7C— C8C 


A A /C\ 

0.0 (d) 


58.9 (5) 


C12C— C2C— C3C— OIC 


cn a /c\ 

-57.9 (5) 


1^1 ^ \ 

-121.2 (3) 


C12C- 


-C2C— C3C— C4C 


120.1 (3) 


—63.2 (5) 


C13C- 


-C2C— C3C— OIC 


63.6 (5) 


llo.o (4) 


C13C- 


-C2C— C3C— C4C 


— 115.4 (j) 


i n a f\ / a \ 

174.0 (4) 


OlD- 


-C3D— C4D— C5D 


175.3 (4) 


111.2 (4) 


N1D— 


-C1D— C2D— C3D 


178.6 (4) 


-66.0 (5) 


N 1 D— C 1 D— C2D— C 1 2D 


£ A A { C\ 

-64.4 (5) 


61.2 (5) 


N 1 D— C 1 D— C2D— C 1 3D 


63.4 (5) 


179.8 (3) 


N1D- 


-C1D— C5D— C4D 


178.9 (3) 


0.0 (4) 


N1D- 


-C1D— C5D— C6D 


0.0 (4) 


A £L /A \ 

0.6 (4) 


C1D- 


-N1D— CUD— C6D 


A 1 / A \ 

-0.1 (4) 


1 nn n t A\ 
— 1 / /. / (4) 


C1D- 


-N1D— CUD— C10D 


1 net n fA\ 
— 1 /9.2 (4) 


1 1 A C / A \ 

-174.5 (4) 


C1D- 


-C2D— C3D— OlD 


-176.7 (4) 


4.4 (4) 


C1D- 


-C2D— C3D— C4D 


1.5 (4) 


1 TO A fA \ 

178.4 (4) 


C1D- 


-C5D— C6D— C7D 


1 £ / A\ 

179.6 (4) 


a -y / a\ 

0.3 (4) 


C1D- 


-C5D— C6D— CUD 


0.0 (4) 


-0.6 (5) 


C2D- 


-C1D— C5D— C4D 


-2.7 (5) 


179.6 (3) 


C2D- 


-C1D— C5D— C6D 


1 no a /i\ 

178.4 (3) 


A O f A \ 

-4.8 (4) 


C2D— C3D— C4D— C5D 


-2.9 (4) 


3.3 (4) 


C3D- 


-C4D— C5D— C1D 


3.3 (4) 


-177.1 (5) 


C3D- 


-C4D— C5D— C6D 


-178.3 (5) 


1 O ZO\ 

-1.2 (8) 


C4D- 


-C5D— C6D— C7D 


1 1 / A\ 

1.2 (9) 


-179.3 (5) 


C4D- 


-C5D— C6D— CUD 


1 TO C /C\ 

—178.5 (5) 


-2.3 (4) 


C5D- 


-C1D— C2D— C3D 


a n / a\ 

0.1 (4) 


11/1 /A \ 

114.6 (4) 


C5D- 


-C1D— C2D— CI 2D 


117.6 (4) 


1 1 O 1 / /I \ 

-118.3 (4) 


C5D- 


-C 1 D — C2D — C 1 3D 


11/1 C / /I \ 

-114.5 (4) 


1 nn a i a\ 

-ill A (4) 


C5D- 


-C6D— C7D— C8D 


1 TO O / A\ 

-178.8 (4) 


A C / A\ 

-0.5 (4) 


C5D- 


-C6D— CUD— N1D 


A 1 i A\ 

0.1 (4) 


1 TT O /'J \ 

177.8 (3) 


C5D- 


-C6D— CUD— C10D 


179.2 (3) 


A A /C \ 

0.0 (5) 


C6D- 


-C7D— C8D— C9D 


-0.5 (6) 


i nc\ n fi\ 
— 1 /9.U (3) 


C7D- 


-C6D— CUD— N1D 


— 1 /9.6 (3J 


-0.6 (5) 


C7D- 


-C6D— CUD— C10D 


-0.5 (6) 


-0.3 (6) 


C7D- 


-C8D— C9D— C10D 


-0.3 (6) 


0.2 (6) 


C8D- 


-C9D— C10D— CUD 


0.7 (6) 


178.3 (4) 


C9D- 


-C10D— CUD— N1D 


178.7 (4) 


0.3 (5) 


C9D- 


-C10D— CUD— C6D 


-0.3 (5) 
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pi m tvtitj riD pin 

C 1 1 B — N 1 B — C 1 B — CzB 


-1/9.9 (4) 




CUD— N1D— C1D- 


-C2D 


-177.9 (4) 


P11R XT1R P1R P^R 






C11D— N1D— C1D- 


-C5D 


n 1 fd\ 

U.l (t) 


CUB— C6B— C7B— C8B 


0.5 (5) 




C11D— C6D— C7D— C8D 


0.9 (6) 


C 1 2B — C2B — C3B — 0 1 B 


66.5 (5) 




C12D— C2D— C3D- 


-OlD 


64.2 (5) 


C12B— C2B— C3B— C4B 


-114.6(3) 




C12D— C2D— C3D- 


-C4D 


-117.5 (4) 


C 1 3B — C2B — C3B — 0 1 B 


-55.2 (5) 




C 1 3D — C2D — C3D- 


-OlD 


-58.2 (5) 


C13B— C2B— C3B— C4B 


123.7 (3) 




C13D— C2D— C3D- 


-C4D 


120.1 (4) 


Hydrogen-bond geometry (A, °) 


D—R-A 




D — H 


U-A 


D-A 


D—R-A 


C9B — U9B-01B 1 




0.95 


2.51 


3 .427 (4) 


162 


CI OS— H105OL4 




0.95 


2.61 


3.379 (5) 


139 


C12S— miDOU? 




0.98 


2.73 


3.497 (6) 


136 


C9D — R9D-OW m 




0.95 


2.46 


3.372 (4) 


161 


C10£>— HIOZJ-OIC 




0.95 


2.46 


3.274 (5) 


144 


CUD— H12J-OU iv 




0.98 


2.69 


3.485 (6) 


138 



Symmetry codes: (i) -x+l,y+\ll, z; (ii) -x+l,y—\!2, z; (iii) —x, y— 1/2, z; (iv) x—\,y, z. 
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